The Chinese hamster ovary (CHO) cell line is a major expression system for the 27 production of therapeutic proteins, the majority of which are glycoproteins, such as 28 antibodies and erythropoietin (EPO). The characterization of the glycosylation profiles 29 is critical to understand the important role of glycosylation on therapeutic glycoproteins 30 from CHO cells. In this study, a large scale glycoproteomic workflow was established 31 and applied to CHO-K1 cells expressing EPO. The workflow includes enrichment of 32 intact glycopeptides from CHO-K1 cell lysate and medium using hydrophilic 33 enrichment, fractionation of the obtained intact glycopeptides (IGPs) by basic reversed 34 phase liquid chromatography (bRPLC), analyzing the glycopeptides using LC-MS/MS, 35 and annotating the results by GPQuest 2.0. A total of 10,338 N-linked glycosite-36 containing IGPs were identified, representing 1,162 unique glycosites in 530 37 glycoproteins, including 71 unique atypical N-linked IGPs on 18 atypical N-38 glycosylation sequons with an overrepresentation of the N-X-C motifs. Moreover, we 39 compared the glycoproteins from CHO cell lysate with those from medium using the 40 in-depth N-linked glycoproteome data. The obtained large scale glycoproteomic data 41 from intact N-linked glycopeptides in this study is complementary to the genomic, 42
Introduction
The Chinese hamster ovary (CHO) cell line is the major expression system used for 48 the efficient production of recombinant proteins, the majority of which are therapeutic 49 glycoproteins, including erythropoietin (EPO), coagulation factors, and antibodies analyzed by a Q-Exactive mass spectrometer and annotated by GPQuest 2.0 using the 152 glycosite-containing peptides described in the preceding section (Supplemental_Table 153 S1) as the database. The intact N-linked glycopeptides were filtered using a 1% false 154 discovery rate (FDR) . 155 For single LC-MS/MS analysis of non-enriched and enriched intact glycopeptides, 156 intact glycopeptides enriched from 1 μg or 100 μg of CHO cell global peptides by hydrophilic MAX columns were analyzed by LC-MS/MS and glycopeptides were 158 identified by GPQuest 2.0. Five and 950 PSMs of intact glycopeptides were identified 159 from 1 μg and 100 μg of CHO cell global peptides, respectively (Supplemental_Figure 160 S1). More than a 190-fold increase of PSM identification was achieved when the initial 161 peptide amount was increased from 1 μg to 100 μg for intact glycopeptide enrichment. 162 We then compared the direct analysis of global peptides with or without fractionation 163 using bRPLC followed by LC-MS/MS analysis. One microgram of global peptides 164 were analyzed by single LC-MS/MS analysis or 100 μg global peptides were 165 fractionated to 25 fractions and each fraction was analyzed by LC-MS/MS analysis. A 166 total of 120 (from 1 µg) and 1,442 (from 100 µg) PSMs of intact glycopeptides were 167 identified, respectively (Supplemental_Figure S1). The inclusion of the bRPLC 168 separation resulted in a greatly (> 12-fold) increased number of identified PSMs. For 169 large-scale identification of intact glycopeptides, (i) fractionation of peptides using 170 bRPLC followed by MAX enrichment of intact glycopeptides from each fraction and 171 (ii) MAX enrichment of intact glycopeptides followed by fractionation of enriched 172 glycopeptides using bRPLC were established. Using a method entailing MAX 173 enrichment followed by bRPLC (25 fractions), we were able to identify a total of 43,193 174 PSMs from 3.5 mg of global peptides, while 27,998 PSMs from an equal starting 175 peptide amount were identified when the workflow started from the bRPLC 176 fractionation step followed by MAX enrichment. There was a > 1.5-fold increase in 177 PSM in the analysis of MAX-enriched intact glycopeptides followed by bRPLC 178 strategy compared to the reverse method (Supplemental_Figure S1 
192
It is well known that most glycoproteins are extracellular proteins (transmembrane 193 or secreted proteins) (Tian et al. 2010) . Therefore, we predicted the subcellular location 
206
To investigate the N-linked glycans from CHO cell lysate and medium, we analyzed. As we examined the canonical sequons in the dataset, threonine was found to 326 be more commonly present within the motif than serine at the +2 position (57.9% vs 327 40.5%). As expected, we found that proline was significantly underrepresented in all 328 the scenarios at position +1 and +3. Of the three atypical N-glycosylation sequons 329 identified (N-X-C, N-G-X, and N-X-V), only N-X-C was significantly overrepresented 330 at 38.9% with a log-odds of binomial probabilities of +7.1 (Figure 4b ).
332

Relative abundance of N-linked IGPs between human EPO-expressing CHO-K1
333 cell lysate and medium. 334 To investigate the abundance of N-linked IGPs differentially expressed between the 335 CHO cell lysate and the medium, we performed a comparative analysis of IGPs using 336 label-free quantification methods based on spectral counting. Overall, 43,742 and 337 62,665 PSMs were identified from the cell lysate and medium, respectively. A total of 338 6,763 and 7,966 unique IGPs were identified from cell lysate and medium, respectively.
339
The relative abundance profiling and linear correlation analysis indicated that the N-340 glycosylation of proteins in cell lysate and medium was strongly correlated, as indicated 341 by a Pearson correlation of 0.931, indicating that the overall glycosylation profiles of glycans in the glycosites between cell lysate and medium showed a statistical 343 association (Figure 5a ). However, we also found that the relative abundance of some 344 IGPs were significantly altered between the cell lysate and the medium, such as 345 EASQN # ITYVCR-N2H6F0S0G0 with a log2PSM ratio of cell lysate/medium of 3.8,
346
LQQEFHCCGSN # NSQDWR-N4H5F0S1G0 with a log2PSM ratio of cell/medium of Most importantly, through the use of in-depth glycoproteomic profiling we are able 363 to present a map of the protein N-glycosylation patterns in CHO cell lysate and medium.
As mentioned, prolow-density lipoprotein receptor-related protein 1 was the most 365 heavily glycosylated protein with 29 N-glycosites. The N-glycan map of prolow-366 density lipoprotein receptor-related protein 1 with different glycosylation sites based 367 on our findings is shown in Figure 5b indicating the high degree of N-glycan micro-368 heterogeneity. This map not only presents the structure of the glycans but also the 369 relative abundance of glycans on the glycosites. It is readily observed from the map that The raw data of mass spectrometry from this study will be submitted. All the annotated 533 intact glycopeptides and deglycopeptides are listed in Supplemental tables S1-S3. Table S3 : Subcellular location, signal peptides, and transmembrane segments for 795 identified glycoproteins from CHO cell lysate and medium. 
